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(57) ABSTRACT 

A method for preparing 1-adamantyltrimethylammonium 
hydroxide is disclosed. The method comprises reacting 
1-adamantyldimethylamine with dimethyl carbonate to pro 
duce 1-adamantyltrimethylammonium methylcarbonate, 
which is then reacted with calcium hydroxide or magnesium 
hydroxide in the presence of water to produce 1-adamantyl 
trimethylammonium hydroxide. 
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METHOD OF MAKING A TEMPLATING 
AGENT 

CROSS REFERENCE TO RELATED 
APPLICATION 5 

This application claims priority benefit to U.S. Provisional 
Application No. 61/805,654 filed on Mar. 27, 2013, which is 
incorporated herein by reference. 10 

FIELD OF THE INVENTION 

The invention relates to a method for preparing 1-adaman 
tyltrimethylammonium hydroxide. 15 

BACKGROUND OF THE INVENTION 

1-Adamantyltrimethylammonium hydroxide is useful as a 
templating agent in the production of Zeolites. A standard 
route to prepare ammonium salts of organic amines, such as 
1-adamantyltrimethylammonium hydroxide, includes an 
alkylation step in which the organic amine is reacted with an 
alkylating agent such as dialkyl Sulfates or methyl iodide. For 
example, U.S. Pat. No. 8,252,943 discloses a process for 25 
preparing ammonium compounds by reacting compounds 
containing a double-bonded nitrogen atom with a dialkyl 
sulfate with participation of both alkyl groups of the dialkyl 
Sulfate and, if appropriate, Subjecting the resulting ionic com 
pound containing Sulfate anions to an anion exchange. Like- 30 
wise, U.S. Pat. No. 8,163,951 teaches a process for preparing 
quaternary ammonium compounds, which comprises react 
ing compounds comprising an sp-hybridized nitrogen atom 
with a dialkylsulfate or trialkyl phosphate and subjecting the 
resulting ammonium compound to an anion exchange. U.S. 35 
Pat. Appl. Pub. No. 2012/0010431 discloses a process for 
preparing 1-adamantyltrimethylammonium hydroxide that 
comprises reacting 1-adamantyldimethylamine with dim 
ethylsulfate to give 1-adamantyltrimethylammonium Sulfate, 
which is then subjected to anion exchange with an ion 40 
exchanger loaded with OH ions. In addition, U.S. Pat. No. 
4,859,442 describes at Example 1 the preparation of 1-ada 
mantyltrimethylammonium hydroxide by alkylation of 
1-adamantylamine with methyl iodide, followed by ion 
exchange of the iodide anions with an ion exchange resin. 5 
As with any chemical process, it is desirable to attain still 

further improvements in processes for preparing 1-adaman 
tyltrimethylammonium hydroxide. We have discovered a new 
method to produce 1-adamantyltrimethylammonium hydrox 
ide with a high yield and reduced waste. 50 

SUMMARY OF THE INVENTION 

The invention is a method for preparing 1-adamantyltrim 
ethylammonium hydroxide. The method comprises reacting 55 
1-adamantyldimethylamine with dimethyl carbonate to pro 
duce 1-adamantyltrimethylammonium methylcarbonate, 
which is then reacted with calcium hydroxide or magnesium 
hydroxide in the presence of water to produce 1-adamantyl 
trimethylammonium hydroxide. 60 

DETAILED DESCRIPTION OF THE INVENTION 

The method of the invention comprises reacting 1-adaman 
tyldimethylamine with dimethyl carbonate to produce 1-ada- 65 
mantyltrimethylammonium methylcarbonate. The 1-ada 
mantyltrimethylammonium methylcarbonate is then reacted 

2 
with calcium hydroxide or magnesium hydroxide in the pres 
ence of water to produce 1-adamantyltrimethylammonium 
hydroxide 

1-adamantyldimethylamine may be produced by any 
known method. Preferably, the 1-adamantyldimethylamine is 
produced by first reacting 1-adamantylamine hydrochloride, 
formaldehyde, formic acid, and an inorganic base to produce 
1-adamantyldimethylamine. The molar ratio of formalde 
hyde:1-adamantylamine hydrochloride is in the range of 2.1 
to 2.4, and the molar ratio of formic acid:1-adamantylamine 
hydrochloride is in the range of 2.3 to 2.7. 

This alkylation step is preferably performed neat, without 
the addition of solvents. Preferably, the alkylation step 
involves mixing the 1-adamantylamine hydrochloride and 
formic acid, followed by the addition of the inorganic base. 
Preferably, the inorganic base is a hydroxide, carbonate or 
bicarbonate of a Group I metal. More preferably, the inor 
ganic base is sodium hydroxide. 
The inorganic base may be added as a solid, but it is 

preferable to use an aqueous Solution of the inorganic base 
(such as an aqueous solution of sodium hydroxide). The addi 
tion of inorganic base is preferably performed at a tempera 
ture less than 50°C., most preferably at ambient temperature. 
Formaldehyde is then preferably added to the alkylation reac 
tion mixture. An aqueous, stabilized formaldehyde Solution 
(for instance, stabilized with less than 10% methanol) is 
preferably utilized. Carbon dioxide gas evolution can be 
observed throughout the addition of formaldehyde to the 
alkylation reaction mixture. Typically, the alkylation reaction 
mixture is heated at a temperature greater than 50° C., more 
preferably from 60 to 95°C., for a period greater than about 
0.25 hours. The reaction temperature may also be increased 
over the course of the reaction. For instance, the temperature 
may be initially maintained at a temperature in the range of 70 
to 85°C., before increasing to a temperature in the range of 90 
to 95°C. The reaction is typically performed from 1 to 24 
hours. 
The 1-adamantyldimethylamine is preferably isolated 

from the alkylation reaction mixture prior to the quaterniza 
tion step. Preferably, the alkylation reaction mixture is cooled 
to a temperature less than 20°C., more preferably from 3 to 
15° C., and the pH is adjusted to a pH greater than 13 by the 
addition of more inorganic base (Such as sodium hydroxide). 
The cooled solution is preferably then subject to a solvent 
extraction step. The extraction solvent is preferably a C or 
greater hydrocarbon, more preferably toluene. The weight 
ratio of hydrocarbon:solution is preferably from about 0.5:1 
to about 3:1. 
The solvent extraction is conveniently carried out at mod 

erate temperatures. Suitable temperatures are in the range of 
about 10° C. to 100°, preferably 15° C. to 60° C. The extrac 
tion results in a hydrocarbon phase that comprises the 1-ada 
mantyldimethylamine and an aqueous phase that contains 
methanol and salts. These two phases are easily separated, 
and the hydrocarbon phase may be stripped using a solvent 
stripper in order to remove the hydrocarbon from the 1-ada 
mantyldimethylamine. The resulting 1-adamantyldimethy 
lamine may be additionally filtered to remove any insoluble 
matter that remains. 

In the method of the invention, 1-adamantyldimethylamine 
is reacted with dimethyl carbonate to produce 1-adamantyl 
trimethylammonium methylcarbonate in a quaternization 
step. 

Preferably, the reaction of 1-adamantyldimethylamine and 
dimethyl carbonate is performed at elevated temperature and 
pressure, for example in an autoclave. Typically, the 1-ada 
mantyldimethylamine? dimethyl carbonate reaction mixture 



US 9,365,490 B2 
3 

is heated at a temperature of about 80°C. to about 200°C. for 
a period greater than about 0.25 hours (preferably less than 
about 48 hours) in a sealed vessel under autogenous pressure. 
More preferably, the reaction mixture is heated at a tempera 
ture range from about 100°C. to about 175°C., most prefer 
ably from about 120° C. to about 160°C. The reaction pres 
sure may rise to about 100 to 180 psig. The reaction may be 
carried outina batch, continuous, or semi-continuous manner 
using any appropriate type of reaction vessel or apparatus 
such as a stirred vessel or CSTR reactor. Preferably, the molar 
ratio of dimethyl carbonate:1-adamantyldimethylamine is in 
the range of 3 to 5. 

After the reaction is complete, the 1-adamantyltrimethy 
lammonium methylcarbonate is preferably recovered. Suit 
able recovery methods include filtration and washing, rotary 
evaporation, centrifugation, and the like. In a preferred 
embodiment, the reaction mixture is cooled to ambient tem 
perature and a portion of the reaction mixture (preferably 
reducing the reaction Volume by greater than 25%) is stripped 
to remove any methanol that might have formed. The remain 
ing slurry may be further cooled to a temperature less than 10° 
C., and the -adamantyltrimethylammonium methylcarbonate 
product isolated by filtration and then washed with cold dim 
ethyl carbonate. The white crystalline product can be further 
dried under vacuum to produce the final 1-adamantyltrim 
ethylammonium methylcarbonate. 
The 1-adamantyltrimethylammonium methylcarbonate is 

finally reacted with calcium hydroxide or magnesium 
hydroxide in the presence of water to produce 1-adamantyl 
trimethylammonium hydroxide. In addition to water, the 
reaction may be performed in the presence of other solvents, 
such as alcohols, but additional solvents are not required. At 
least one mole equivalent of water is utilized in comparison to 
the 1-adamantyltrimethylammonium methylcarbonate, but 
preferably an excess of water is used. A molar excess of 
calcium hydroxide or magnesium hydroxide to 1-adamantyl 
trimethylammonium methylcarbonate is preferred, more 
preferably the molar ratio of calcium hydroxide (magnesium 
hydroxide):1-adamantyltrimethylammonium methylcarbon 
ate is in the range of 1.05 to 1.75. 

Preferably, the 1-adamantyltrimethylammonium methyl 
carbonate/calcium hydroxide (magnesium hydroxide) reac 
tion mixture is heated at an elevated temperature, preferably 
at reflux. The methanol produced is slowly distilled off until 
the vapor temperature is constant. 

The 1-adamantyltrimethylammonium hydroxide product 
is preferably isolated from the resulting calcium (magne 
sium) carbonate and excess calcium (magnesium) hydroxide. 
Preferably, the reaction mixture is cooled to a temperature 
less than 15°C., and the precipitated calcium or magnesium 
salts (e.g., CaCO and (Ca(OH)) are filtered off. The filter 
cake is preferably washed with additional water and both the 
mother and wash filtrates may be combined. The 1-adaman 
tyltrimethylammonium hydroxide may be used as an aqueous 
solution or may be further isolated from the water by drying, 
stripping, or the like. 
The can be used as a templating agent for the production of 

Zeolites. Zeolite synthesis is well-known in the art, and gen 
erally consists of reacting a silicon source, an aluminum 
Source, (plus other metal sources if desired), and the 1-ada 
mantyltrimethylammonium hydroxide templating agent at a 
temperature and for a time Sufficient to form a molecular 
sieve. Typical silicon Sources include colloidal silica, fumed 
silica, silicon alkoxides, and mixtures thereof. Typical alumi 
num Sources include Sodium aluminate, aluminum hydrox 
ide, aluminum isopropoxide, aluminum sulfate, and alumi 
num nitrate. 
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4 
The Zeolite synthesis is typically performed in the presence 

of water. Other solvents such as alcohols may also be present. 
After the reaction mixture is formed, it is reacted at a tem 
perature and a time Sufficient to form a molecular sieve. 
Typically, the reaction mixture is heated at a temperature of 
about 100° C. to about 250° C. for a period greater than about 
0.25 hours (preferably less than about 96 hours) in a sealed 
vessel under autogenous pressure. The reaction may be car 
ried out in a batch, continuous, or semi-continuous manner 
using any appropriate type of reaction vessel or apparatus 
such as a stirred vessel or CSTR reactor. After the reaction is 
complete, the Zeolite is recovered. 
As synthesized, the Zeolite will contain some of the tem 

plating agent in the pores. Any Suitable method to remove the 
templating agent may be employed. The template removal is 
typically performed by a high temperature heating in the 
presence of an oxygen-containing gas, such as air or a mixture 
of oxygen and an inert gas. Preferably, the Zeolite is heated at 
temperatures greater than 250° C. to remove the templating 
agent. Temperatures of from about 275°C. to about 800° C. 
are preferred. 
The following examples merely illustrate the invention. 

Those skilled in the art will recognize many variations that are 
within the spirit of the invention and scope of the claims. 

Example 1 

1-Adamantyltrimethylammonium Hydroxide 
Preparation 

1-Adamantanyldimethylamine Synthesis: 
1-Adamantanamine hydrochloride, 99% (500g, 2.66 mol) 

is charged into a reaction flask under a nitrogen atmosphere, 
followed by formic acid, 97% (306 g. 6.65 mol). The reaction 
mixture is stirred at room temperature, then sodium hydrox 
ide 32% w/w aqueous solution (326g, 2.61 mol) is added over 
30 minutes at a temperature less than 50° C., after which the 
reaction mixture is heated to 75-80° C. Formaldehyde, 37% 
w/w aqueous solution stabilized with 7-8% methanol (475 g, 
5.86 mol) is then added to the reaction mixture. Gas (carbon 
dioxide) evolution is observed throughout the addition and 
the reaction temperature is maintained at 75-80° C. through 
Out. 

The reactor contents temperature is increased to bring the 
reaction mixture to 95°C. over 30 minutes and is maintained 
at this temperature for the next 3 hours. GC analysis shows 
>97% conversion to the dimethyl amine. The reaction mix 
ture is then cooled to 5° C. and sodium hydroxide 32% w/w 
aqueous solution (200 g) is added to adjust the reaction mix 
ture to pH 14. To this stirred reaction mixture, toluene, 99% 
(1,250 mL) is added and the reaction mixture is allowed to 
settle into two phases. The upper organic layer is separated 
and stripped free of solvent to give a clear yellow liquid which 
is then filtered to remove insoluble matter. The overallyield of 
1-adamantanyldimethylamine is 472 grams (97.5% of 
theory) with GC area % about 96.2% with residual 1.8% 
toluene. 

Adamantyltrimethylammonium Methylcarbonate Synthe 
S1S 

1-Adamantanyldimethylamine (500g, 2.79 mol) and dim 
ethyl carbonate (1000 g, 11.1 mol) are charged into an auto 
clave, and the reactor contents are heated at 140° C. for 8 
hours with the reactor pressure rising to 140 psig (965 kPa). 
After cooling to ambient temperature and venting any 
residual pressure, the contents of the autoclave (a mobile 
slurry) are transferred to a rotary evaporator and solvent 
stripped off to reduce the volume by half which will remove 
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any methanol that might have been formed. The remaining 
slurry is cooled to 0°C. and the product isolated by filtration 
on a Nutsche filter. The filter cake is washed with cold dim 
ethyl carbonate (500 mL), followed by another cold dimethyl 
carbonate (200 mL) wash, before drying under vacuum to 
give a yield of 668 grams of an off-white crystalline solid 
(89% of theory). H-NMR analysis is consistent with struc 
ture. 

1-Adamantyltrimethylammonium Hydroxide Synthesis: 
Adamantyltrimethylammonium methylcarbonate (383 g, 

1.42 mol) is added to water (1000 mL), followed by addition 
of calcium hydroxide (148 g. 2.0 mol). This addition is exo 
thermic. The reaction mixture is then heated to reflux and the 
methanol produced is slowly distilled off until the vapor 
temperature is constant. The reaction mixture is then cooled 
slowly to 10° C. and the precipitated calcium carbonate and 
excess calcium hydroxide are filtered off on a Nutsche filter. 
The filter cake is washed with water (200 mL) and both the 
mother and wash filtrates are combined. The 1-adamantyltri 
methylammonium hydroxide product yield is 1284 grams of 
solution with assay 20.2% w/w. 
We claim: 
1. A method for preparing 1-adamantyltrimethylammo 

nium hydroxide, comprising: 
(a) reacting the 1-adamantyldimethylamine with dimethyl 

carbonate to produce 1-adamantyltrimethylammonium 
methylcarbonate, wherein the molar ratio of dimethyl 
carbonate:1-adamantyldimethylamine is in the range of 
3 to 5; and 

(b) reacting the 1-adamantyltrimethylammonium methyl 
carbonate with calcium hydroxide or magnesium 
hydroxide in the presence of a water to produce 1-ada 
mantyltrimethylammonium hydroxide. 

2. The method of claim 1 wherein the molar ratio of cal 
cium hydroxide or magnesium hydroxide: 1-adamantyltrim 
ethylammonium methylcarbonate is in the range of 1.05 to 
1.75. 

3. The method of claim 1 wherein the reaction of 1-ada 
mantyltrimethylammonium methylcarbonate with calcium 
hydroxide or magnesium hydroxide in the presence of water 
is performed at reflux. 

4. The method of claim 1 wherein the reaction of 1-ada 
mantyldimethylamine with dimethyl carbonate is performed 
at a temperature in the range of 120-160° C. 

5. The method of claim 1 wherein the 1-adamantyltrim 
ethylammonium methylcarbonate is reacted with calcium 
hydroxide. 
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6. A method for preparing 1-adamantyltrimethylammo 

nium hydroxide, comprising: 
(a) producing 1-adamantyldimethylamine by reacting 

1-adamantylamine hydrochloride, formaldehyde, for 
mic acid, and an inorganic base to produce 1-adaman 
tyldimethylamine, wherein the molar ratio of formalde 
hyde: 1-adamantylamine hydrochloride is in the range of 
2.1 to 2.4 and the molar ratio of formic acid:1-adaman 
tylamine hydrochloride is in the range of 2.3 to 2.7: 

(b) reacting the 1-adamantyldimethylamine with dimethyl 
carbonate to produce 1-adamantyltrimethylammonium 
methylcarbonate, wherein the molar ratio of dimethyl 
carbonate:1-adamantyldimethylamine is in the range of 
3 to 5; and 

(c) reacting the 1-adamantyltrimethylammonium methyl 
carbonate with calcium hydroxide or magnesium 
hydroxide in the presence of a water to produce 1-ada 
mantyltrimethylammonium hydroxide. 

7. The method of claim 6 wherein the inorganic base is a 
hydroxide, a carbonate or a bicarbonate of a Group I metal. 

8. The method of claim 6 wherein the inorganic base is 
Sodium hydroxide. 

9. The method of claim 6 wherein the reaction of 1-ada 
mantylamine hydrochloride, formaldehyde, formic acid, and 
the inorganic base is performed by mixing 1-adamantylamine 
hydrochloride and formic acid, followed by the addition of 
the inorganic base, and then adding the formaldehyde. 

10. The method of claim 6 wherein the 1-adamantyltrim 
ethylammonium methylcarbonate is reacted with calcium 
hydroxide. 

11. The method of claim 6 wherein the molar ratio of 
calcium hydroxide or magnesium hydroxide: 1-adamantyltri 
methylammonium methylcarbonate is in the range of 1.05 to 
1.75. 

12. The method of claim 6 wherein the reaction of 1-ada 
mantyltrimethylammonium methylcarbonate with calcium 
hydroxide or magnesium hydroxide in the presence of water 
is performed at reflux. 

13. The method of claim 6 wherein the reaction of 1-ada 
mantyldimethylamine with dimethyl carbonate is performed 
at a temperature in the range of 120-160° C. 

14. The method of claim 6 wherein the 1-adamantyltrim 
ethylammonium methylcarbonate is reacted with calcium 
hydroxide. 


